Highlight: Current and pending legislation will require that lands disturbed by mining activities be revegetated. Since few adapted species are now available for reclamation of such lands in the arid zone, this study was initiated to identify native species that are successful colonizers of disturbed sites. The native vegetation of bladed roadways in the Kane County, Utah, was sampled to identify natural colonizer species. Sixteen successful colonizers have been identified and studied to determine (1) their relative colonizing efficiency, and (2) their individual responses to elevational, soil textural, and other environmental gradients. The species fall into two natural groups: one group is well adapted to lower benchlands with sandy clay loam soils and the other is adapted to upper benchlands with sandy loam soils. Some of the species that appear to be most successful in initially revegetating disturbed areas include: (1) upper benchlands-Indian ricegrass, galleta grass, sand aster, pepperweed, broom snakeweed, smallleaf scarlet globemallow, and blue locoweed; (2) lower benchlands-shadscale, desert molly, cut-leaf globemallow, and pink locoweed.
Large deposits of low sulfur coal and oil shale occur in the arid zones of the Colorado Plateau. National needs will almost certainly require the use of all energy resources that can be mined economically.
Resultant energy development operations will disrupt the natural vegetation over extensive areas of arid land. Since current and pending legislation requires that plant cover be reestablished on such lands, there is an urgent need for workable revegetation techniques for arid environments. Without some kind of stabilization treatment, mine spoils, roadsides, drill pads, and construction sites associated with energy developments will contribute significant amounts of particulate matter to the air and sediments and dissolved chemicals to surface waters in the region. The cheapest and most nearly permanent method of stabilization is likely to be revegetation Nith well-adapted plants. Reclamation with appropriate plant species could serve not only to restore but also to improve range productivity for wild and domestic animal life.
Although much successful revegetation work has been accomplished in portions of the West that receive over 30 cm of precipitation annually (Plummer et al. 1968 ), plant scientists have had little success in establishing permanent ground cover on disturbed sites where annual precipitation falls below 25 cm (Bleak et al. 1965) . The current inability to establish quickly plant covers in arid zones is related to a lack of information on This study was designed to sift the native flora of the benchlands of the Kaiparowits Basin, a potentially important coal field, for native species capable of naturally recolonizing disturbed sites. We also provide some information concerning ecological situations where such species might best be used.
Description of Study Area
Vegetation and associated soils were sampled on upper and lower benchlands northeast of Glen Canyon City, Utah. Soils of the upper benchland sites (ca. 1,550 m) are predominantly sandy loams derived from the Straight Cliffs sandstone formation with some localized Mancos shale influence. Soils on lower benchland sites (ca. 1,330 m) range from clay soils from tropic shale to sandy clay loams derived from Straight Cliffs or Dakota sandstone.
The study area is characterized by elements of both cold and warm desert vegetation adapted to less than 25 cm of mean annual precipitation. Moisture is received as winter snow, spring rain, and localized summer thunderstorms.
The monthly precipitation averages form a bimodal pattern as a result of winter storms from the west and the intrusion of summer air masses from the Gulf of Mexico. Years of below-average precipitation are more frequent than above-average years. Wet winters are not always followed by wet summers, nor are dry winters necessarily followed by dry summers. Native plant species have adapted to these extreme moisture fluctuations in various ways. Annuals are abundant in the study area and flourish in wet years, but exist as seeds during drought years.
The vegetaion of the Kaiparowits Basin provides winter forage for livestock, and both habitat and forage for black tailed jackrabbits, various smaller rodents, and a variety of birds. Though sparse, the plant cover also enhances soil stability.
Methods
A total of 2 1 study sites was selected along roadways in shadscalegrass, blackbrush, sagebrush, and grassland-shrub communities. Roads were selected that had been graded in such a way as to remove the top 2-3 dm of soil and place it in a windrow at road edge (Fig. 1) . The time since disturbance was at least 3 years, and none of the roads had received artificial surfacing materials such as petroleum stabilizers or gravel. On older roads, it proved impossible to determine accurately the length of time since disturbance, but it was obvious that each site sampled supported pioneer vegetation in the roadway and along the windrow of mixed surface soil. Three stands were selected at each site at the following locations: (1) road center where subsoil had been exposed and plants could exist without being crushed by vehicular traffic, (2) adjacent roadside berm (consisting of a mixture of subsoil and topsoil), and (3) a strip of undisturbed vegetation 10 m away from and parallel to the road. The three stands at each site will hereafter be referred to as subsoil, mixed soil, and undisturbed. Each stand consisted of a transect 120 m in length and centered on the area of interest (e.g., the berm). Twenty-five quadrats (0.25 x 1.0 m) were distributed along the transect at 5-meter intervals. Transects were selected for maximal topographic and edaphic homogeneity.
The undisturbed stand adjacent to the roadway was viewed as being the principal seed source for colonizing species.
Vegetational data were collected in early June 1975. A checklist of all plant species occuring along each transect was made. At each quadrat, density of all perennial species rooted therein was noted and living, dead, and rock (I 1 cm*) cover was estimated by cover classes (Daubenmire 1968) . The plant nomenclature follows Welsh and Moore (1973) . A list of the most prolific colonizer species was made by selecting the species most frequently encountered on disturbed areas. The relative abundance of species was also used to help arrange the list of important colonizers.
At each study area, a composite soil sample was drawn from the surface 1.5 dm. It consisted of equal quantities of soil from each transect. Soils were analyzed for texture using the hydrometer method (Foth et al. 1971) .
The average frequency of each selected species was calculated for all disturbed (i.e., subsoil or mixed soil) and all undisturbed transects.
Transects within each soil class were then arranged in order of decreasing frequency of the species in question. Average elevation and average % sand for transects of the top % of the frequency gradient of each species were then computed and graphed. Colonizing success of each species relative to its seed source was determined by dividing the density of each species on a disturbed area by the density of the same species in the adjacent undisturbed area and multiplying the quotient by 100. Values exceeding 100 indicate that a species is present on disturbed areas in greater abundance than in adjacent seed source areas. Thus, this index serves as an indicator of colonization efficiency.
Results and Discussion
Information concerning general characteristics of the different vegetative types is given in Table 1 . A total of 54 perennial species was observed on the 2 1 study areas. Sixteen of the most abundant colonizer species were selected for further study. The list includes 6 shrubs, 7 perennial forbs, and 3 grasses. The scientific and common names of those species and the general areas of their occurrence in the region are reported in Table 2 . The usual means by which each species propagates itself on the disturbed sites is also noted.
Comparative response of the 16 colonizer species along elevational and soil textural gradients is shown in Figure 2 . The sandy loam soils of higher elevations are most readily colonized by Indian ricegrass, galleta grass, Fendler's three-awn, broom snakeweed, big sagebrush, Mormon tea, sand aster, Hymenopappus, pepperweed, blue locoweed, and small-leaf scarlet globemallow. The clay loam soils of lower elevations are mainly colonized by shadscale, desert molly, budsage, pink locoweed, and cut-leaf scarlet globemallow. The rank-order of species along the elevational and soil textured gradients is highly correlated at the .Ol level (Snedecor and Cochran 1967) , indicating that species that prefer low elevations also do best on finer textured soils in our study area.
The arithmetical means reported in Figure 1 may be somewhat misleading, since variance around the mean is not considered.
The coefficient of variation (C.V. = standard deviationlarithmelic mean X 100 was examined for each species. Coefficient of variation values for four species (blue locoweed, cut-leaf globemallow, galleta grass, and Indian ricegrass) are somewhat larger (C.V. = 5-l 1 for elevation and C.V. = 35-39 for soil sand), than for the other species (C.V. = l-4 for elevation and C. V. = 9-23 for soil sand. Such results suggest that these four species are less restricted than the others in respect to edaphic and elevational requirements. Snakeweed occurs over a broad range of elevations; but it grows preferentially on sandy loams. Shadscale tolerates a rather broad range of soil texture, but it a vigorous colonizer only at lower elevations. It should be noted that colonizing species of lower benchlands include few species that are capable of sprouting from roots under natural conditions (Table 2) . Upper benchland areas appear to be more favorable for vegetative propagation, since several species there (especially forbs) reproduce vegetatively following disturbance.
The performance of the various species on disturbed and undisturbed areas can be used to compute a useful measure of the relative ability of each to colonize newly opened sites from a parental population of standardized size. The species are ranked according to colonization success on subsoil and mixed soil sites in Fig. 3 . Broom snakeweed, Indian ricegrass, both scarlet globemallows, and both locoweed species appear to be among the more efficient colonizers of disturbed areas (i.e., they were found in greater abundance on the disturbed sites than in the adjacent source area.) Sand aster and Hymenopupus also do well on both kinds of disturbed sites. Part of the success of the latter two species may be due to their ability to reproduce vegetatively from plant parts buried so deeply that they escape destruction in the process of road construction. Again, it is apparent that the upper benchlands represent a more favorable environment for plant growth, since most of the highly efficient colonizers are found there.
Most of the species considered perform better on the mixed soil berm than the scraped roadbed (Fig. 2) , but three species teach maximum density in the road itself (sand aster, small-leaf globemallow, and galleta grass). Performance of those species appears to be hampered by competition from associated species on less disturbed sites.
Stepwise multiple variable regression analyses of environmental factors controlling the performance of species selected as good colonizers have been performed. These analyses are based on data for 72 undisturbed sites from a study by Jaynes (1976) which was conducted in the same area utilized for this study. Environmental variables considered in the analyses include soil texture, salinity, pH, and stoniness, water infiltration rates, and microtopography (elevation, aspect and % slope). Frequency of species occurrence was used as the dependent variable. Results are reported in Table 3 . Multivariate equations are helpful in predicting species response to selected variables, but they had limited value as predictors of relative colonizer success on denuded sites in this study. The rather low R*-values would have been improved by increasing the range of variation encountered in species success in the study had apparently not become established by seed but had stands studied (e.g., including disturbed sites where species are survived disturbance by sprouting from the crown or from colonizing).
Nevertheless, the equations do provide useful rhizomes (e.g., both globemallow species, pepperweed, galleta information concerning the ecology of species which may have grass, and Mormon tea). Since the ability of plants to persist on value in revegetation programs (Wikum and Wali 1974) . harsh sites is an important characteristic of good colonizing Some of the species found growing on disturbed sites in this species, we have made no distinction between plants occurring Varr~bles are arranged in the sequence of their entry into the stepwise regression. on a disturbed site as a consequence of seedling establishment or resprouting. From our field observations, however, the majority of the species considered to be effective colonizers apparently had invaded by seed.
Some of the candidate species noted have undesirable forage properties (e.g., snakeweed and locoweed). Where vegetative cover is the main goal, unpalatability may become a secondary consideration.
Along roadsides where grazing animals present traffic hazards, unpalatable plants may actually be desirable.
Species such as sand dropseed (Sporobolus cryptandrus) and squirreltail (Sitanion hystrix) have been recommended for inclusion in seeding mixtures for sandy, arid sites (Plummer et al. 1955) . Although these species were often present in undisturbed communities adjacent to our disturbed plots, they were not good colonizers for our roadways.
The existing flora of the Kaiparowits Basin is a valuable source of adapted species for land reclamation projects on the Colorado Plateau, but not necessarily the only group of plants that should be considered.
Some introduced perennial and annual species may also play important roles in future rec-
